
PATENT SPECIFICATION (") 1480432 

(21) Application No. 1339/75 (22) Filed 13 Jan. 1975 
CO (31) Convention Application No. 2 401 904 (32) Filed 16 Jan. 1974 m (19) 

(33) Fed. Rep. of Germany (DT) 
O (44) Complete Specification published 20 July 1977 
(SIJINTCL' C07C 43/11; C10M 3/16 
. (52) Index at acceptance 

" C2C 20Y 30Y 360 361 363 364 36Y 502 50Y 606 607 623 

634 644 771 795 YB 
C5F 347 743 B 

(54) POLYETHERS AND THEIR USE AS BRAKE FLUIDS 

(71) We, HOECHST AKTTEN- reaction conditions chosen. When an excess 35 

GESELLSCHAFT, a body corporate organ- °f starting compound is used in the oxalkyla- 

ised according to the laws of the Federal tion and this excess is recycled after complete 

Republic of Germany, of 6230 Frankfurt/ reaction, advantageously in a continuous pro- 

5 Main 80, Postfach 80 03 20, Federal Republic cess, the chain length distribution is narrowec* 

of Germany, do hereby declare the invention and products are obtained which, at a rela- 40 

for which we pray that a patent may be, tively high boiling point, have a low solidifica- 

granted to us, and the method by which it is tion point and thus also a low freezing vis- 

to be performed, to be particularly described cosity. 

10 in and by the following statement:— _ The excess of starting ether in the oxalkyla- 

This invention relates to polyethers. tion reaction, however, is not sufficient to 45 

It is known from German Patent Applica- obtain properties required for modern high- 

tion published under No. B 24 109 — 23.5 to efficiency fluids, when ethylene oxide or 

use as hydraulic liquids products which are propylene oxide is reacted alone. Pure oxethyl- 

15 formed by the reaction of ethylene oxide ates at the required high boiling point still 

and/or propylene oxide with di- or tri-ethyl- have a high viscosity and a~T3gh sbTHifica- 50 

eneglycol-monoalkyl ethers or tripropylene- tion point; pure oxypropylates have insufficient 

glycol-monoalkyl ethers. These products are thermal stability and show an increased tend- 

prepared by reacting ethyene oxide or propyl- ency to cause rubber swelling. Mixed oxalkyl- 

20 ene oxide alone, or both these substances ates also mentioned in the cited specification 

simultaneously or sequentially (ethylene oxide are generally more suitable than pure oxethyl- 55 

being the first reactant) with the glycol ethers ates or oxypropylates, but because of their 

in the presence of alkaline catalysts. method of preparation, they do not meet 

Liquids prepared by this method, however, all the requirements. 

25 no longer meet the requirements for high- Surprisingly, it has now been found that, 

quality brake fluids with respect to boiling for cooxalkylation to be successful with res- 60 

point, thermal stability, swelling power, vis- P«t to the obtention of products having the 

cosity/temperature behaviour and anti-freez- desired low viscosity, not only the presence 

ing quality. Other properties, such as lubricat- of propylene oxide is decisive, but simultan- 

30 ing power and ageing stability, may be im- eously the position thereof in the ethylene 

proved by additives. oxide/propylene oxide chain which is added 65 

The inadequacy of these brake fluids is to the starting ether, 
mainly due to the excessively broad mole- The present invention provides a polyether 

cular weight spectrum obtained under the 0 f the formula 

RO.(CH,CH 2 0) I (CH,.CHO) y (ra 8 CH 2 0) l .H 
CH, 

70 in which R is an alkyl radical having from in the case where the propylene oxide unit 

1 to 4 carbon atoms, x is an integer of from is in a central position in the molecule chain, so 

1 to 3, y is 1 and a is an integer of from 1 to that is, when at least one, preferably two 

3. ethylene oxide units are adjacent to the alkoxy 

As is shown in the following Table 1, it radical, followed by a propylene oxide unit 

75 can be demonstrated using the tetra- and and then one or two ethylene oxide units. In 

penta-adducts (i.e. substances having an al- a position immediately adjacent to the alkoxy 85 

koxy radical and 4 or 5 alkylene oxide units) group, and still more so as the terminal mem- 

that the freezing viscosity tends to a minimum ber of the chain, propylene oxide loses its 



influence on the viscosity of the product ob- 
tained, and the viscosity increases. The de- 
i of viscosity by determined 



tion of propylene oxide into the molecule is 
5 supported by the corresponding alkoxy group, 
depending on its structure. In the case of 
ethoxy derivatives, there is no such support 
because of the identical structure of the ethoxy 
group and the added ethylene oxide, and the 

10 viscosity curve is displaced in this case. The 
minimum viscosity was attained with a pro- 
duct in which the propylene oxide unit is in 
the second position behind the alkoxy radical. 
A long, uninterrupted ethylene oxide chain 

15 causes the viscosity to rise to a far higher 
degree than can be achieved with a corres- 
ponding increase of the molecule size by 
using another alcohol, which fact is proved 
by comparison of butoxy - tetra - alkylene- 

20 glycols with methoxy - penta - alkyleneglycols 
which, at nearly the same molecular weight, 
have very different viscosities. 

The viscosities at 20°C and at -40°C 
display in principle an identical behavior, with 

25 the exception that in the first case the maxi- 
mum is achieved by virtue of the group 
R-propylene oxide — ethylene oxide s , if R 
does not represent ethoxy-, and in the second 
case it is achieved by virtue of the group 

30 R-ethylene oxidej-propylene oxide. However, 
the differences between the individual values 
are less pronounced at 20°C than at -40°C. 

Comparative tests of high-degree oxypropyl- 
ation show that the viscosity at 20°C may 

35 still be slightly decreased, but there is no 
longer any improvement at — 40°Q so that 
the use of an increased amount of propylene 
oxide is uneconomic. 
The polyethers according to the present 

40 invention, and mixtures thereof for the manu- 
facture of high-quality brake fluids, can be 
prepared by the various processes described 
below, all of which are continuous processes. 
In these processes, the starting material is 

45 a mono-, di- or triethyleneglycol-monoalkyl 
ether the alkyl group of which has from 
1 to 4 carbon atoms i.e. a compound of the 
formula 

ROCCftCH^)^ 



50 in which R and x have the 
above, preferably a diethyl 
alkyl ether, or a mixture of any two or more 
such compounds. This starting material is 
reacted with ethylene oxide and propylene 

55 oxide, preferably in an ethylene oxide: propyl- 
ene oxide molar ratio of from 1:1 to 1:0.25 
at an elevated temperature and pressure and 
in the presence of an alkaline catalyst. 
In a first process according to the invention, 

60 an excess of the starting ether is reacted in 
a first step with propylene oxide and, after 
removal of excess ether by distillation, the 



product obtained is reacted in a second step 
with ethylene oxide. The starting ether is 
preferably in a trimolar excess, relative to the 65 
' oxide, in the first step, and the 

te product is preferably in a tetra- 

excess, relative to the ethylene oxide, in 
the second step. 

As mentioned above, the process is carried 70 
out continuously, for example in a tube reac- 
tor; the excess ether from the first step and 
preferably the excess intermediate product 
from the second step, are advantageously re- 
cycled to the first and second steps, respec- 75 
tively. 

The slight tendency of propylene oxide 
towards multiple addition because of the sec- 
ondary hydroxyl group formed during the 
addition reaction can be countered by using 80 
a relatively small excess of starting ether. 
However, the poor reactivity of propylene 
oxide requires a correspondingly longer resi- 
dence time in the reactor. 

In the second step, excess propylene oxide 85 
adduct obtained in the first step is reacted 
with ethylene oxide; the excess adduct should 
be greater than the excess ether in the first 
step because of the far greater tendency of 
ethylene oxide towards multiple addition. 90 

Since the oxalkylation process is carried out 
in two steps, however, the costs involved are 
higher than for a single-step process. 

In a second process according to the in- 
G vention, ethylene oxide, propylene oxide and 95 
an excess of the starting ether relative to the 
ethylene oxide and propylene oxide, are reac- 
ted together and the mixture obtained is 
distilled under reduced pressure to obtain a 
sump product consisting of the polyether. The 100 
distillate obtained in this process contains 
the excess starting ether and short-chain reac- 
tion products and is advantageously recycled 
to the process together with that amount of 
starting ether which has been consumed, and 105 
fresh ethylene oxide and propylene oxide. 

The heat of reaction liberated by the addi- 
tion of ethylene oxide units activates addition 
of the less reactive propylene oxide so that 
there are obtained products which contain 110 
propylene oxide units as the first unit of addi- 
tion. These intermediate products react at re- 
duced speed and, because of their very low 
boiling points, form the main constituent of 
the recycled intermediates, together with a 115 
small amount of excess starting ether and 
short-chain ethylene oxide adducts. These re- 
cycled substances, as well as fresh starting 
ether, are fed back into the process and 
continue to be oxalkylated. After the process 120 
has been worked continuously for a short 
period, the recycled mixture attains a con- 
stant composition which depends on the rela- 
tive amounts of starting materials used and 
which governs the structure of the final pro- 125 
duct. The amount of propylene oxide which 
is unreacted in the first step suppresses mul- 



3 

tiple addition of ethylene oxide, enabling uni- 
fonn chain growth. 

In a modification of the latter process, from 
one third to two thirds of the ethylene oxide 
5 to be reacted is added to the reaction mixture 
only after complete reaction of the propylene 
oxide with the starting ether. This can be 
effected by introducing die appropriate amount 
of ethylene oxide into the reaction zone at a 
10 suitable point, and promotes the primary 
addition of propylene oxide and the terminal 
addition of ethylene oxide. 

The following Examples illustrate the in- 
vention. 

15 Example 1. 

In a pressure-resistant tube reactor (internal 
width 50 mm, capacity 1800 1), 1800 liters 
per hour of a starting mixture of 

1350 1 of diethyleneglycol-monomethyl 
20 ether = 11 kilomols 

225 1 of ethylene oxide 

= 4.6 kilomols 

225 1 of propylene oxide 

.=3.5 kilomols 

25 preheated to about 125°C were reacted con- 
tinuously at a pressure of 33 atm/g in the 
presence of 2 milliequivalents of KOH/1 of 
mixture as catalyst, and maintained at a 
temperature of from 200 to 210°C by means 

30 of evaporation cooling with the air of pressur- 
ized water. 

The completely reacted hot mixture was 1 
released immediately into a fractionating col- 
umn having 32 bubble plates and divided at 
35 a pressure of 6 mm Hg into a distillate which 
was recycled into the reactor and a bottom 
product having a boiling point of about 300°C 
(ASTM). 

After about 12 hours of operation, the 
40 recycled distillate had a volume of about 990 1 
and, from that time on, a constant composi- 
tion of 

15% of diethyleneglycol-monomethyl ether 
15% of triethyleneglycol-monomethyl ether 
45 70% of diethyleneglycol - propyleneglycol - 
monomethyl ether. 

This recycled mixture, together with 360 1 
(3 kilomols) of diethyleneglycol-monomethyl 
ether (to make up for the discharged product) 
50 was subsequendy the main component for the 
continuous co-oxalkylation, besides the two 
oxides. Its composition was as follows: 

38% of diethyleneglycol-monomethyl ether 
11% of triethyleneglycol-monoethyl ether 
55 51% of diethyleneglycol - propyleneglycol - 
monomethyl ether. 

The bottom product was used without fur- 
ther work-up as main component of a high- 
quality hydraulic fluid (see Table 2). 



• Examples 2 to 5. go 
In the same reactor and in the same man- 
ner, ether mixture, ethylene oxide and propyl- 
ene oxide were reacted; gradually increased 
amounts of ethylene oxide (from 80 to 150 1/h) 
taken from the total quantity of ethylene oxide 65 
to be used (225 1) were fed into the second 
half of the reactor by means of a dosage pump 
(so-called side current). The results are listed 
in Table 2, lines c, d, e). At this place of 
the reactor, the propylene oxide had already 70 
reacted to a rate of 90%. 

Examples 6 and 7. 

While maintaining the side current and 
using the largest ethylene oxide amount 
chosen for this purpose (150 1 of a total of 75 
225 1/h), and operating in the same manner 
as indicated in Example 1 (valid also for 
all following Examples), the molar ratio of 
ethylene oxide to propylene oxide of 1:0.76 
was changed to 1:0.52 (Example 6) and 80 
1:0.33 (Example 7). The total molar num- 
ber of the alkylene oxides used remained the 
same, so that the volume was slightly altered 
(Table 2, lines d, e, f). 

The comparison of Example 1 with the 85 
following Examples 2 through 7 shows: 

1) the decrease of viscosity caused by gradual 
increase of the ethylene oxide side current 
(Examples 2 through 5, lines d, 9, 10 of 
Table 2) 90 

2) the possibility to reduce the propylene 
oxide amount while maintaining the molar 
quantity of the total oxide use, without 
resulting in a rise of the freezing viscosity 
above the original value. 95 
(Examples 6 and 7, lines d, e, f, 9, 10 of 
Table 2). 

For a comparison, data of mixed oxaDcylates 
obtained by means of hitherto known processes 
are listed in Table 3, where they are arranged 100 
in the same manner as the data of the lower 
part of Table 2 (lines 1 through 10 of both 
Tables). All these previous processes tested 
comparatively are carried out batchwise in 
pressure vessels without using an excess of 105 
one of the reactants. Sometimes, the addition 
of the oxides is carried out in two steps; the 
propylene oxide always being added in the 
second place. 

A comparison of the data of Tables 2 and HO 
3 shows that in the process of the invention 
a high boiling point is attained (lines 8) 
despite a reduced molar ratio of oxide mixture 
to oxalkylation component (lines 4) and re- 
duced molecular weight (lines 7) because of 1 15 
the narrow range of chain length. There is also 
a low freezing viscosity (lines 10) supported 
by the determined incorporation of the propyl- 
ene oxide into the adduct chain, despite the 
relatively small propylene oxide amount in 120 
the product. 
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Example 

f" Ether, fresh (see line 1) 
ether, circulation 

J E in mixture 
batches (1/h) "S E in side current 
E total 
P in mixture 

I total amount 


oxalkylation component fed into the system 
(see line a) 


composition of the _ (kg) 
E 


i 
1 

i 


1 

i 


(E+P) 

total oxjde content ______ (kilomols) 

alcohol 


mean mol. weight 
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I 













1,480 3 432 



j GOS 1 593 178 j 


! 1 

1 




only P 0.6 


2 


S 


3 




i 


1 








5 


° 


5 












?■ ^ 




5 




S 


? 


a 


a 


2 


a- 

1- 


1 - 


5 




3 


s 








1 






2 


5 








§ 




1 




i « 


S 












3 


a 




j 0.|H 


composition of the — (kilomols) 
oxide mixture E 


i 

i 


iii 

s 
! 
I 


i weight % P in final product (re I. to total oxide) j 


j 
i 


data of the final boiling point (°C/ASTM) | 




1 


•j- 








r- co « o 



7 



1,480,432 



7 



a 



I 2 


3. 


3 


3 ; 


'8* 




i a 


3 


5 




1 a s 




1 2 




3 


S : 






I 2 


3 


■5 


a ; 






I 1 


3 










1 

O.IH 

o 


1 

1 

il 


ii 


1 " 
J 

! ; 

V 


!.! 

! ; 

i ; 


\r 















1,480,432 

WHAT WE CLAIM IS: — 
1. A polyether of the formula 

RO.(CH,CH > 0),(;CH,. CHO) y (CH s CH s O) s .H 
CH 3 



in which R is an alkyl radical having from 
5 1 to 4 carbon atoms, * is an integer of from 
1 to 3, y is 1 and a is an integer of from 1 to 3. 

2. A process for the continuous preparation 
of a polyether according to claim 1 by react- 
ing an ether of the formula 

10 RO(CH ! CH s O) I H 

in which R and x have the meanings specified 
in claim 1, or a mixture of any two or more 
such compounds, with ethylene oxide and 
propylene oxide at an elevated temperature 

15 and pressure in the presence of an alkaline 
catalyst, which comprises reacting an excess 
of the ether(s) in a first step with propylene 
oxide and, after removing the excess -ether(s) 
by distillation, reacting an excess of the prc~ 

20 duct(s) obtained in a second step with ethylene 
oxide. 

3. A process according to claim 2, wherein, 
in the first step, the ether(s) is(are) in a 
trimolar excess relative to the propylene oxide. 

25 4. A process according to claim 2 or claim 
3, wherein, in the second step, the product(s) 
obtained is(are) in a tetramolar excess rela- 
tive to the ethylene oxide. 

5. A process according to any one of claims 
30 2 to 4, wherein the excess ether(s) removed 

prior to the second step is(are) recycled to 
the first step. 

6. A process for the continuous preparation 
of a polyether according to claim 1 by reacting 

35 an ether of the formula 

RO(CH 2 CH,.0) t H 

in which R and x have the meanings specified 
in claim 1, or a mixture of any two or more 



such compounds, with ethylene oxide and 
propylene oxide at an elevated temperature 
and pressure in the presence of an alkaline 
catalyst, which comprises reacting together 
ethylene oxide, propylene oxide and an excess 
of the ether(s) relative to the ethylene oxide 
and propylene oxide and distilling the mixture 
obtained under reduced pressure to obtain a 
sump product consisting of the polyether. 

7. A process according to claim 6, wherein 
the distillate is recycled to the reaction. 

8. A modification of the process according 
to claim 6 or claim 7, wherein from one third 
to two thirds of the ethylene oxide is added 
to the reaction mixture only after complete 
reaction of the propylene oxide and the 
etber(s). 

9. A process according to any one of claims 
2 to 8, wherein the ether is a diethyleneglycol- 
monoalkyl ether or a mixture of any two 
or more such compounds. 

10. A process according to any one of 
claims 2 to 9, wherein the molar ratio of 
ethylene oxide to propylene oxide is from 
1:1 to 1:0.25. 

11. A process for the preparation of a poly- 
ether according to claim 1, carried out sub- 
stantially as described in any one of Examples 
1 to 7 herein. 

12. A polyether according to claim 1 when- 
ever prepared by a process according to any 
one of claims 2 to 11. 

ABEL & IMRAY, 
Chartered Patent Agents, 
Northumberland House, 
303—306 High Holborn, 
London WC1V 7LH. 
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